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(54) Magnetic dSsk device and error correction tiiereffor 


(57) A method of correcting erroneous data due to 
thermal asperity and a device therefor is provided. A 
magnetic disc device equipped with such error correc- 
tion device is also provided. The correction device com- 
prises: a comparator (40) for comparing data signal 
reproduced from a magnetic disc (24) with a predeter- 
mined threshold signal; and means for generating an 
error signal based on the signal output from the compa- 
rator (40) and the data signal. Using the enor signal 


(23), the location and the length of erroneous data 
included in the data signal are determined. The errone- 
ous data may be conrected, irrespective of tiie length 
tiierepf. by selective use of hardware ECC on tiie fly and 
software ECC. An alternative error signal may be gener- 
ated by a technique based on the run lengths of the 
data. 
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Description 

FIELD OF THE INVENTION 

[0001 ] The invention relates to a magnetic disc device 
for use as an auxiliary storage or memory means for 
computers and to a method of correcting erroneous 
data pertinent to such disc device. 

BACKGROUND OF THE INVENTION 

[0002] Automated electronic apparatuses including 
personal computers (PC) and office corrrputers have 
been down sized and functionally enhanced very 
quickly supported by a recent progress in technology, 
which has in turn prompted development of compact yet 
fast and large-capadty memory devices or file systems 
such as a 5.2 inch. 3.5 inch, and 2.5 inch hard disc 
drives. 

[0003] An effort has been paid to improve the density 
of data recorded on a magnetic disc and to increase the 
rotatiarial speed of the spindle of the magnetic disc, to 
thereby improve the data transfer rate to and from a 
magnetic disc device. It is known that he level of the 
data wNch is reproduced or read from the magnetic disc 
by a magnetoresistive (MR) head does not depend on 
the linear speed or the rotati(Hiat speed off the disc, so 
that the MR head can maintain a high signal level while 
reading data. Therefore, the MR head has become 
increasingly more important in this fiekl. 
[0004] It should be noted, however, that the MR head 
is maintained affoat while it is reading data only 30-50 
nm above the magnetic medium due to a negative pres- 
sure acting on the MR head. Prior to read operation, the 
magnetic head is at rest on the surfece of the magnetic 
disc, which is also at rest If the nnagnetic disc has a 
very flat surface like a mirror, the head would stick to the 
surface of the disc and would remain captured by the 
magnetic disc even after the magnetic disc had started 
its rotation. In order to prevent such capture, the mag- 
netic disc is provided on the surface thereof with minute 
protrusions formed by an appropriate surface roughen- 
ing or texturing technique. 

[0005] However, such roughening process can form a 
small number of unexpectedly large protrusions on 
some tracks on the magnetic disc. The magnetic head 
will then bump on such large protrusions every time the 
head passes ever the tracks. Collisions of the head with 
the magnetic d^ can also take place when the mag- 
netic disc is heated during read/write operations and the 
surface of the disc gets deformed, or when the head is 
thermally deformed, or when the entire magnetic device 
is subjected to a strong mechanical shock during the 
operations. 

[0006] When such a collision takes place, the MR 
head is temporarily heated for a few microseconds. The 
resistance of the heated MR head Is changed accord- 
ingly 


[0007] During a read operation the MR head under- 
goes a relative motion over the magnetic disc while 
passing a constant electric current through the magne- 
toresistive element thereof. The magnetoresistive ele- 

5 ment changes its resistance if a magnetic field 
externally applied tiiereto is changed. Hence, the MR 
head can read magnetically recorded information on the 
disc in the form of the voltage change across tfie mag- 
netoresistive element by detecting the change in resist- 

10 Bince of tiie magnetoresistive element. Therefore, if the 
head colfides with a bump or protrusion formed on the 
disc, the head Is temporarily heated and its resistance is 
changed. This results in a con^esponding change in volt- 
age and errors in the information reproduced (i e. read) 

IS from the magnetic disc. Such transient voltage change 
(which lasts for a few microseconds) can result in erro- 
neous data as much as several tens of kbytes. 
[0008] When such a transient thermal event as men- 
tioned above occurs, there will be a transient waveform 

20 or a DC bias in the output of the head, which smears the 
data read from the disc, and makes the data unrecover- 
at>le in a sut^sequent decoding stage, thereby resulting 
in unrecoverable read errors. This type of errors 
observed in MR he^s is called TA or thermal asperity. 

25 [0009] A sfrategy well known in the art to avoid ther- 
mal asperity is to use a high pass filter (HPF) in a data 
decoding circuit to cut off low-frequency components of 
tiie signal reproduced so as to suppress generation of a 
transient waveform and promote quick convergence of 

30 the disturt>ed signal. An alternative approach known in 
the art to hold tiie reproduced signal is to provide either 
an automatic gain control (AGC) circuit which causes 
the data decoding circuit to hold the amplitude of the 
reproduced signal for a moment or a phase locked loop 

35 (PLL) circuit which temporarily prohibits the reproduced 
signal to follow tiie DC bias and become out of phase 
with a clock. 

[001 0] A further technk^ue is known to deal with errors 
that cannot be corrected t>y the circuits as mentioned 
40 above, which is adapted to recover correct data by 
means of a circuit, called ECC circuit, provided in the 
decoding circuit for executing so-called error correction 
codes (ECC) on ttie fly. 

[0011] However, most recent magnetic disc devices 
45 have much higher data transfer rates than conventional 
ones that the amount of data thiat will be lost due to ther- 
mal asperity if it occurs often exceeds the data length 
that can be corrected by the ECC circuit. 
[001 2] For example, the data length correctable by an 
50 ECC circuit is estimated to be at most about 9 bytes for 
an average magnetic disc device, and at most 20 bytes 
for a most advanced magnetic disc device. The duration 
of a thermal asperity is of order of a few microseconds, 
which corresponds to a loss of data of about several 
55 tens t^ytes. which exceeds tiie error correction ability of 
the today's ECC circuit and hence the ECC circuit can- 
not deal witti such errors. 
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fSUMMARV OF THE INV Er JTION 

i;001 3] tt is, therefore, an object of the invention to pro- 
vide an erroneous data correction device which may 
. determine the location and the length of errors in the s 
:' <iata reproduced or read from a magnetic recording 
inedium. 

[001 4] It is another object of the invention to provide a 
method which may determine the location and the 
length of errors in the data read from a magnetic record- io 
ing medium. 

[001 5] It is a further object of the invention to provide 
a magnetic disc device including an MR head having an 
MR element for reading data from the magnetic record- 
ing disc, the magnetic disc device equipped with means is 
for detecting read errors introduced in the data by a sud- 
den change In electric resistance of the MR element 
caused by a short colllsloh of the MR head with the 
magnetic recording cfisc. 

[001 6] It is a still further object of the invention to pro- 20 
vide a magnetic disc device which is equipped, in addi- 
tion to means for detecting read errors mentioned 
above, with data recovery means for recovering the data 
lost by the errors. 

[001 7] It is a still further object of the invention to pro- 25 
vide a method for detecting erroneous data involved In 
the foregoing magnetic disc device. 
[0018] It is a stiO further object of the invention to pro- 
vide a method for detecting and correcting erroneous 
data involved in tiie foregoing magnetic disc device. 30 
[001 9] In accordarKe with one aspect of the invention 
there is provide an erroneous data correction device, 
comprising: 

a comparator which compares a first signal indica- 3S 
tive of data read from a magnetic recording medium 
(referred to as data or data signal} and input ther^o 
with a second signal having a predetermined 
threshold level (referred to as threshold signal) 
input thereto, for generates an output when the 40 
level of the data signal exceeds the threshold sig- 
nal; and 

an error signal generation circuit for generating an 
error signal using the output of the comparator and 
the data signal. 45 

[0020] This error signal generation circuit device may 
include means for determining the location of erroneous 
data included in the data signal, using the en-or signal. 
[0021 ] The erroneous data includes a transient wave- so 
form generated mainly by thermal asperity. 
[0022] In the erroneous data correction device, the 
error signal generation circuit is adapted to select ertiier 
one of the output of the comparator circuit, the data sig- 
nal obtained from the magnetic recording medium, or a ss 
logical sum of the data signal and the comparator out- 
put, and outputs tiie selected signal as tiie error signal. 
[0023] The erroneous data correction device may fur- 


ther include a counter cfrcut which has input ends for 
receiving th error signal and a read clock signal. The 
counter counts up read clock from the beginning of the 
data. The location of an erroneous data in the data may 
be obtained from the count up to the occurrence of an 
error signal. In addition, the erroneous data correction 
device may furtiier include a register circuit connected 
with the courrter circuit. 

[0024] The erroneous data correction devwe may 
determine the length of the erroneous data included In 
tiie data based on the en'or signal. 
[0025] The erroneous data connection device may 
have a further counter which receives the error signal 
from the error signal generation circuit and a read dock 
signal from a clock and counts the read clock over the 
period that tiie enror signal is generated. Thus, the 
lengtii of the erroneous data may be determined from 
the count. 

[0026] An alternative error signal may be generated by 
another means of the invention which includes 

a data reproduction circuit for reproducing data 
read from the magnetic recording disc; and 
a decoder for use in tiie data reproduction circuit for 
performing a data format transformation on the bits 
of tiie reproduced data in accordance with a given 
set of run length rules to generate an error signal. 

[0027] In this case the decoder may employ zero run- 
length rules in the form of 8/9 (0, n/m) data format 
[0028] In accordance witii anotiier aspect of the inven- 
tion, there is provide an data error correction device, 
comprising: 

a comparator which compares a first signal indica- 
tive of data read from a magnetic recording medium 
(data signal) and Input thereto with a secorxi signal 
having a predetermined tiireshold level (threshold 
signal) input thereto, for generating an output when 
the level of the data signal exceeds the level of the 
threshold signal; and 

an error signal generation circuit for generating a 
first error signal using tfie output of said comparator 
and said data signal; 

a decoder for use in tiie data reproduction circuit for 
performing a data format transformation on the bits 
of the reproduced data; 

means for generating a second error signal based 
on the run-length rules imposed on said repro- 
duced data; and 

means for selecting either one of the first and the 
second error signals. 

[0029] A magnetic disc device nnay Include any of tiie 
erroneous data correction devices as described above. 
[0030] In a still further aspect of the inverttton, there is 
provided a magnetic disc device, comprising: 
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a decoding circuit for decoding signals using partial 

response nraximum likeiihood technique; 

a comparator for gen rating an output signal when 

the level of the data signal reproduced from the 

magnetic disc exceeds a predetermined threshold s 

level; 

means for determining the location and the length 
of erroneous data included in the data decoded by 
the decoder using the output of the comparator and 
decoded data; to 
hardware means for executing hardware ECC on- 
the-fly on the erroneous data; arKi 
software means for executing software ECC on the 
en-oneous data; and 

means for choosing the hardware ECC correction is 
means when the length of the erroneous data is 
longer than the length correctable by the hardware 
means, but othenvise choosing the software 
means. 

20 

[0031 ] In a still further aspect of the invention, there is 
provided a magnetic disc device, comixising: 

a decoding circuit for decoding signals using partial 
response maximum likelihood technK|ue: 2S 
a decoder for use in the data reproduction circuit for 
performing a data format transformatfon on the k>its 
of the reproduced data; 

means for generating an error signal based on the 
run-length rules imposed on said reproduced data; 30 
means for determining the location and the length 
of the erroneous data based on the error signal out- 
put from the error signal generation means and the 
data decoded by the decoding circuit using partial 
response maximum likelihood technique; 55 
hardware means for executing hardware ECC on- 
the-f ly on tiie erroneous data; and 
software means for executing software ECC on the 
enroneous data; and 

means for choosing the hardware ECC correction 40 
means when the length of the erroneous data is 
longer than the length correctable by the hardware 
means, but othenwise choosing the software 
means. 

45 

[0032] In a still further aspect of the invention, there is 
provkiled an error correction nnetfiod comprising steps 
of: 

conrparing a data signal reproduced from a mag- so 
netic disc with a predetermined threshold signal to 
generate an output signal when tiie level of tiie data 
signal exceeds the level of the threshold signal; 
generating an error signal associated with tiie erro- 
neous data included in the data signal based on the ss 
output signal and the data signal; and 
determining the location and the 1 ngth of th rro- 
neous data based on tiie rror signal. 


[0033] In a still further aspect of the invention, there is 
provided an en^or correction method of the invention, 
comprising steps of: 

determining the location and the lengtii of errone- 
ous data included in data signal reproduced from a 
magnetic disc; 

determining whether said enroneous data has a 
length corectalsle by ECC on the fly; 
executing ECC on the fly on the erroneous data 
when ECC on the fly is applicable: and 
otherwise executing software ECC on the errone- 
ous data 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0034] 

Rg. 1 is a block diagram representation of a mag- 
netic disc device according to the invention. 
Rg. 2 is a block diagram of an error signal genera- 
tion circuit of the magnetic disc device shovm Fig. 1 , 
for generating an en-or signal indicative of thermal 
asperity. 

Rgs. 3 A-D show formats of data recorded on the 
magnetic disc and a timing chart for signals appear- 
ing at various nodes of the data reproducing cir- 
cuitry of Fig. 1 . in which: Rg. 3A is a format of data 
on the magnetic disc 24; Fig. 3B a reproduced NRZ 
data. Rg. 3C a read clock RCLK. and Fig. 3D a 
read gate signal RG. 

Rg. 4 A-B are a flow-chart showing a procedure for 
determining the starting location and tiie length of 
ttie erroneous data, and determining whfoh of the 
error correction means be used. 
Rg. 5 shows waveforms relevant in the detection 
and correction of the erroneous data, caused by 
tiiemial asperity (TA), in which: Fig. 5A is a format 
of data on the magnetic disc; Fig. 5B shows a 
tiireshold signal Th and an analogue signal 
received from AGC amplifier and fed to a TA level 
comparator. Fig. 5B showing a transient component 
In the anatogue signal subsequent to a TA event; 
Rg. 5C shows an output signal of the TA level com- 
parator; Rg. 5D shows an NRZ data received from 
a 8/9 decoder and de-scrambler; Rg. 5E is a timing 
chart of read dock RCLK received from a PLL cir- 
cuit; Rg. 5F shows a read gate signal RG; Fig. 5G 
shows an error signal output from an error signal 
generation circuit; and Fig. 5H shows an signal out- 
put from a counter cirojit. 
Fig. 6 shows the terminal arrangement of the coun- 
ter circuit and a register circuit provkled in a hard 
disc controller shown in Fig. 1. 
Rg. 7A shows the format of data on tiie magnetic 
disc. Fig. 7B shows an NRZ data section of the 
reproduced data containing a multiplicity of errors. 
Rg. 7C shows rounding up of two errors 1 arKi 2 of 
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Fig. 7B: Fig. 7D shows rounding up of three errors 
1, 2, and 3 shown in Fig. 7B; and Fig. 7E indicates 
an error signal. Fig. 8A is an exanple of data 
sequence having 8/9(0,4/4) format; Rg. 8B shows 
an even part of the sequence shown in Fig. 8A; Rg. 5 
8C shows an odd part of the data shown in Fig. 8A: 
Fig. 8D shows a latch enror signal; and Fig. 8E 
shews an output of a four-stage shift register. 

DETAILED DESCRIPTION OF THE INVENTION 10 

[0035] An error connection method for correcting errors 
in data which is reproduced from a magnetic disc device 
and an apparatus therefor embodying the invention will 
now be described by way of example with reference to is 
accompanying drawings, in which like reference numer- 
als indicates like conponents throughout the drawings. 

[STRUCTUF=^E OF THE MAGNETIC DISC DEVICE] 

20 

[0036] Fig. 1 shows in block diagram of an overall 
arrangement of a magnetic disc device according to the 
invention. The disc device shown herein is of type nor- 
mally referred to as 3.5 inch hard disc drive, whfch is 
used as a server peripheral or auxi I iary storage or mem- 25 
ory for a personal computer (PC). 
[0037] The magnetic disc device as shown in t>lock 
diagram corrprises: 

a hard disc controller (HDC) 2 connected with a 30 
host computer (not shown) via an interface 1, for 
controlling a hard disc 24; 

a micro controller unit (MCU) 7 for controlling 
mechanical motions of the magnetic disc device in 
performing read from/write operations to the mag- 3s 
netic disc 24; and 

a disc enclosure (DE) 16 including in a closed cas- 
ing thereof a magnetk; disc 24 and a kxiilt-in 
read/write head 18 . The disc enclosure 16 has 
connections for exchange of data with the hard disc 40 
controller 2 via read/Write controller 14 and with 
MCU 7 via a VCM (voice coil motor) /spindle con- 
troller 15. 

All these components other than the disc enclosure 16 4s 
are each made up of a few LSIs mounted on a printed 
circuit tx)ard. In order to keep the components in a dean 
condition, the entire device is encased in a housing hav- 
ing a dust removing mechanism. 

[0038] The data stored in the magnetic disc devk^e so 
may be transferred between the host computer (not 
shown) and the hard disc controller 2 by means of the 
16-bit bus irrterface 1, which data is transformed into an 
8 bit NRZ bus signal 22. which is further transformed by 
the read/wrrte controller 14 into a 9-bit data which is ss 
appropriate for recording on the magnetk: disc 24. The 
interlace 1 may be a well known SCSI (Small Computer 
System Interface). 


[0039] Each of the components shown in Rg. 1 will 
now be described below. 

[0040] The hard disc controller (HDC) 2 has a data for- 
mat controller 3, a host bus interface ccxitroller 4. and a 
data buffer controller 5. and an ECC controller 6. 
[0041 ] The data formatting controller 3 receives data 
from the host computer (not shown) via the interface 1 
and encodes the data in a form suitable to be recorded 
on magnetic disc 24. It also decodes the data read from 
the magnetic disc 24 into a form suitable for transferring 
it to the host computer via the interface 1 . Although not 
shown in the Rgure 1 , the data forn^tting controller 3 
has a counter circuit 45 and a register circuit 46 which 
will be described shortly in connection with Fig. 3. 
[0042] The host bus interface controller 4 controls the 
interface between the host computer and the magnetic 
disc device. 

[0043] The data buffer controller 5 is connected with a 
RAM (random Access memory) 12 serving as a data 
buffer for temporarily storing the data sent from the 
magnetic disc 24 to the hard disc controller 2 before it is 
transfened to the host computer via the interface 1 at a 
proper time, or temporarily stores data received from 
the host computer via the interface 1 and directed to the 
hard disc controller 2 before it is sent to the disc enck>- 
sure 16 at an appropriate time later. 
[P044] The ECC controller 6 is a conventional hard- 
ware error correction circuit, whteh is capable of conrect- 
ing enors of at most 9-12 bytes (a newer type of 
advanced correction circuits can deal with much greater 
errors as much as 20 bytes). Therefore, magnetic disc 
devices using such error correction circuits canrK)t deal 
with enors that exceed 20 bytes. 
[0045] In the error correction procedure carried out in 
the ECC controller 6, data generally are read in 
sequence from a magnetk; disc and the errors found in 
the data are corrected on the fly by a hardware means, 
h is sM that in such on-the-f ly-en^or correction means if 
the total length of the data obtained in one read Is "2X 
bytes", the maximum error length conectable or the cor- 
rection ability of the circuit is ''X bytes so that errors 
that exceed "X bytes" in length cannot be corrected on 
the fly by the hardware means. 
[0046] There is also a software correction means, 
called "software ECC. whwh conrects enrors by storing 
all the data of length "2X bytes" read from the magnetic 
disc 24 once in a RAM (not shown) and then perfbrnrvng 
error correctk>n operation on the entire data using a 
software. The correctkxi at>ility of the software ECC is 
2X bytes. 

[0047] Such software ECC can be advantageously 
performed if the location of the enor (i.e. the number of 
the sectors up to the error in reference to the beginning 
of the data) and the length of the error(s) itself are 
known. However, during the ECC correctton t>y the soft- 
ware, the hard disc must be klling (not usable) and with- 
hold read operations, whiich can cause an overhead. 
[0048] The microcontroller unit (MCU) 7 includes a 
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signal control logic 9, a DC converter 10, an A/D con- 
verter 11, and a CPU 8 for controlling the entir mag- 
netic disc device, all mounted on one LSI chip. 
[0049] The CPU 8 also controls such components as 
the entire magnetic disc device a VCM drive 19 via the 
VCM/spindte controller 15, a spindle motor 20, as well 
as a multi-task operation and data correction operation 
as will be described in connection with Fig. 4. The CPU 
8 is connected with a ROM (read only memory) 13 
which stores a program for the CPU. The signal control 
logic 9 is provided to handle logical operations for the 
CPU 8. 

[0050] The disc enclosure (DE) 16 has a base and a 
cover (not shown) lor housing therein the magnetic disc 
24 lor magnetically recording information, a read/write 
head 18 for reading/writing information from/to the mag- 
netic disc 24. a read/Write pre-amplifier 17 for properly 
amplifying the signal exchanged between the disc 24 
and the head 18 to a predetermined level, the spindle 
motor 20 for rotating a spindle on which the magnetic 
disc 24 is mounted, and a voice coil motor (VCM) 19 for 
positioning at a desired position (cylinder) on the mag- 
netic disc 24 the head 18. 

[0051] The magnetic disc 24 in the example shown 
herein includes 10 aluminum alloy discs each having 
tNn magnetic layers formed on the opposite sides 
tiiereof and may store information up to 18 GB (giga- 
bytes). Tlie read/write head 18 is a composite head 
which consists of a magnetoresistive (MR) head for 
read and an induction head for write. The pre-amplrf ica- 
tion stage 17 may amplify signals read by the read/write 
head 18 to a predetermined level. The spindle motor 20 
is a DC brushless motor, which has a long life. The voice 
coil motor (VCM) 19 has a low inertial moment and a 
high torque characteristic so that it may quickly move 
the readAwrite head 18 to a desired position of the mag- 
netic disc 24. 

[CIRCUIT BLOCKS FOR GENERATING ERROR SIG- 
NAL PORTA] 

[0052] Fig. 2 shows a block diagram of a circuit for 
generating an en-or signal when TA has occurred in the 
magnetic disc device. Blocks in the upper section of the 
circuit are related to a data reproducing drcuit system 
and blocks in the lower section are related to a data 
reading circuit system. As shown in Rg. 1 , the error sig- 
nal generation circuit is associated with the magnetic 
disc (shown by a shaded block in Fig. 2) 24, the 
read/write head 18, the pre-amplification stage 17. and 
the readAwrite controller 14. 

[0053] The read/write head 1 8 has an MR head 25 for 
reading or reproducing information from flie magnetic 
disc 24. 

[0054] The pre-amplif ication stage 1 7 has a preampli- 
fier 27 for ampllfytng tiie read data received from the MR 
head 25. 

[0055] The read/Write controller 1 4 includes: 


an automatic gain control (AGC) ampnfier 29 for 
controlling the amplitude of a reproduced analogu 
signal received from the preamprrfier 27; 
a(1+D) filter 30; 

5 a sampler and equalizer 31 for sampling analogue 
signal received from the (1+D) filter 30 and for cor- 
recting waveforms of the signal; 
a Viterbi detectfon arcu'rt 32 for making correction 
on the digital read data from the sampler and equal- 

10 izer31, 

an 8/9 decoder and de-scrambler circuit 33 for 
decoding and de-scrambling the data received from 
tfie VitertM detection circuit 32 to generate at its out- 
put end a non-return zero (NRZ) data 22; 

IS a phase locked loop (PLL) 34 for providing read 
clock RCLK 41 to tiie AGC amplifier 29. the sampler 
and equalizer 31, the 8/9 decoder and de-scram- 
bler 33 upon receipt of the digital read data 
received from the sampler and equalizer 31 ; 

20 a thermal asperity level comparator 40 which 
receives an analogue signal from the AGC amplifier 
29 and a predetermined threshold signal Th, arxJ is 
turned ON to output a signal only when the abso- 
lute le^el of tiie read data exceeds tiie threshold; 

25 an error signal generation circuit 35 for generating 
an error signal 23 in response to the output signal of 
tiie TA level comparator 40 and the NRZ data 22 
received from the 8/9 decoder and de-scrambler 
33. 

30 

[0056] A decxxiing circuit consisting of the (1+D) filter 
30. the sampler and equalizer 31 . and the Viterbi detec- 
tion circuit 32 uses a class-4 PRML (partial response 
maximum likelihood) method, which is known as a pre- 
ss cedure for detecting norrtrivial data from read data. This 
PRML method employs a partial response method 
which can restore desired read data embedded in inter- 
fering signals, and a Vitert>i decoding meUxxi which 
generates the most likely data from signals disturbed by 
40 noise. 

[0057] The AGC amplifier 29 is a demodulation circuit 
for amplifying analogue signals received from the 
preamplifier 27 to a substantially constant level. The 
AGC anplifier 29 prevents the disturt^ance in amplitude 
45 . of the amplified read data if thermal asperity should 
occur 

[0058] The (1+D) filter 30 consists of a low pass filter 
(LPF) and a booster circuit. The filter 30 receives the 
reproduced signal from the AGC amplifier 29 and feeds 
50 the reproduced signal back to the reproduced signal 
after it is delayed by 1 bit. 

[0059] The sampler and equalizer 31 samples ana- 
logue signals reproduced from the magnetic disc 24 and 
casts the sampled data into either 1 or 0 to thereby gen- 
ss erating digital read data. 

[0060] The Viterbi detection circuit 32 performs tiie 
ViterkM decoding processing, which Is a set of opera- 
tions to find the most likely bits. The Viterbi detection cir- 
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curt 32 can generally con-ect an error if the length the 
error is a few t«t. 

[0081] The 8/9 decoder and de-scrambier 33 trans- 
forms or converts 9 bit data generated by the sampler 
and equalizer 31 to 8 bit NRZ data and further de- s 
scrambles the data scramblingly processed by the 8/9 
encoder and scrambler 36. 

[0082] The PLL drcuit 34 generates a VCO clock 
which is in phase with the reproduced data received 
from the sampler and equalizer 31 . and sends the clock io 
signal to the AGO amplifier 29. the sampler and equal- 
izer 31, the Vitert^ detection circuit 32 and the 8/9 
decoder and de-scrambler 33. The sampler and equal- 
izer 31 uses this VCO dock signal as the sampling clock 
(which is also referred to as read clock). The 8/9 is 
decoder and de-scrambler 33 uses both the PLL data 
synchronized with the VCO ctock and the read gate sig- 
nal RG 42 which rises within the sink region (which cor- 
responds to the PLO of the data as shown in Fig. 3A) to 
decode the reproduced data. The 8/9 decoder arxl de- 20 
scramt)ler 33 transmits the decoded c^ta as NRZ data 
to hard disc controller (HDC) 2 in synchronism with the 
read clock RCLK 41. The read gate signal RG 42 is 
indicative of the execution of a read operation, so that 
the read operation is detected when the hard disc con- 2s 
troller 2 transmits a read gate signal RG 42. 
[0063] In addition, in order to prevent asynchroniza- 
tion of the reproduced data with the clock due to thermal 
asperity, the PLL circuit 34 may temporarily hold syn- 
chronization of the data with the clock when thermal 30 
asperity has occurred. 

[0084] Upon receipt of analogue read data from the 
AGC amplifier 29 and a threshold signal Th, the TA level 
comparator droirt 40 is turned ON, generating a TA 
level signal at its output end. 35 
[0065] The error signal generation circuit 35 receives 
the output of the TA level comparator drcuit 40 and the 
NRZ data from 8/9 decoder and de-saambler 33 and 
then the error signal generation circuit 35 is activated (to 
ON state) to feed an error signal 23 to the counter circuit 40 
45 of the hard disc controller (HDC) 2 for a period of 
time in which thermal asperity is appreciable. 
[0066] In the example shown herein, an error signal 
33 as shown in Rg. 5G is generated such that the error 
signal conresponds to either the signal output from the 4S 
TA level comparator drcu'rt 40 shown in Fig. 5C, an NRZ 
data which is partialty destroyed due to thermal asperity 
as shown in Rg. 5D. or a logical sum (OR) of these sig- 
nals. The error signal 33 thus formed is fed to the coun- 
ter drcuit 45 built in the hard disc controller 2. so 
[0067] Next, operations of the en^or signal generation 
circuit in write mode will now be described. In the write 
mode, the readAwrite controller 14 incorporates: 

an 8/9 encoder and scrambler 36 which receives ss 
from a hard disc controller 2 an NRZ data 22. write 
gate signal WG, and a write dock WGLK to encode 
and scramble the NRZ data 22; 


a precoder 37 for performing 1/(1+D) transforma- 
tk>n on the signal received from the 8/9 encoder 
and scrambler 36; 

a write compensation circuit 38 for compensating a 
write pulse received from the precoder 37, and 
a write flip flop circuit 39 for receiving signal from 
the write compensation drcuit 38 and for transmit- 
ting the signal to a write driver 28 of the pre-anr^lif t- 
cation stage 17. 

[0068] In write mode the pre-amplif rcation stage 17 
incorporates a The write driver 28 provides an induction 
type write head 26 of the read/write head 18 with an 
electric current to write on the magnetic disc 24 data 
received from the write f tip^lop circuit 39. 
[0069] The 8/9 encoder and the scrambler 36 of the 
data recording circuit performs an operation which is the 
inverse of the operation of the 8/9 decoder and de- 
scramtrfer 33 in the recording circuit. That is, the 8/9 
encoder and the scrambler 36 receives an NRZ data 22 
to be written on the magnetic disc 24 from hard disc 
controller 2, a write gate signal WG and a write clock 
signal WCLK, and converts the 8 M write data into 9 bit 
data and scrarrdDles the 9 bit data. 
[0070] The precoder 37 performs a 1/(1+D) transfor- 
mation which is the inverse of the operatton performed 
by the (1-t-D) filter 30 of the recording drcuit 
[0071] The write compensatk>n drcuit 38 provides 
write compensation in which the write signal is delayed 
in write timing in order to compensate slow response of 
the magnetic disc which cannot keep up with the fre- 
quency of the write signal in reading the recorded data. 
This compensation may be attained by delaying the 
write timing by an amount of a few percent to several 
tens of percents. As a result, tiie write characteristic of 
the magnetic disc is modified to reduce the bit error rate. 

[OPERATION OF THE MAGNETIC DISC DEVICE] 

[0072] Referring to Fig. 3. the read operation of the 
error signal generation circuit 35 assodated with TA will 
now be described. 

[0073] Fig. 3 shows a data format on the magnetic 
disc and a timing chart for various signals appearing in 
the data reprodudng drcuit: Fig. 3A shows the data for- 
mat of a data recorded on the magnetic disc 24; Rg. 3B 
shows the data format of an NRZ data reproduced from 
the magnetic disc 24; Fig. 3C shows a read clock RCLK; 
and Fig. 3D shows timing of the read gate signal RG. 
[0074] The magnetic disc 24 is formatted such that it 
is divided into a multiplicity of concentric regions 
(referred to as tracks) which are further divided into a 
multiplicity of subregions called sectors. Each of such 
sectors has a data format as shown in Fig. 3A. The sec- 
tor has 

a region PLO for drawing in the read ck>ck; 
a region TR for adjustment of the equalizer 31 ; 
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a Syc Bytes region SB indicating the completion of 
the drawing in the clock; 

a data region DATA having data which was 
recorded via a write driver 28 on the magnetic disc 
24. 

an error correction code region ECC for detecting 
and correcting errors in the DATA region; 
a cyclic redundancy check region CRC having a 
check code, belonging to the ID of sector, for use in 
en'or detection by the ECC. and 
a gap region GAP provided between the end of sec- 
tor and the next sector, which is adeipted to at>sorb 
such fluctuations as the starting position of write on 
the disc, the rotational speed of the disc, and the 
length of the data written in the sector. 

[0075] The magnetic disc 24 (Rg. 1) thus formatted 
and rotating at a constant speed generates signals in 
the form of varying magnetic field, which are detected 
t>y the MR head 25 of the read/write head 18. A signal 
indicative of data reproduced from the magnetic disc 24 
is amplified by the preamplifier 27, with its amplitude 
adjusted by the AGO amplifier. The amplified analogue 
signal is then transformed into digital NRZ data 22 as 
shown in Rg. SB by a class-4 PRML decoding circuit 
which consists of the (1+D) filter 30, the sampler and 
equalizer 31 and the Viteibi detection circuit 32. The 
digital NRZ data 22 is then fed to the hard disc 2. 
[0076] In the PLL circuit 34, a read ck>ckRCLK. which 
is in phase with the output of the sampler and equalizer 
31, is generated from the reproduced data output from 
the sampler and equalizer 31 as shown in Rg. 50. The 
read gate signal RG 42 has a rise within the same time 
domain as the PLO portfon (Fig. 3A) for drawing in the 
clock and falls simultaneously with the NRZ data 

[ERROR DETECTION AND CORRECTION WHEN TA 
HAS OCCURRED] 

[0077] Referring now to a flow-chart shown in Rg. 4 
and a timing chart for relevant signals shown in Rg. 5, 
error detection and correction operations of the circuit 
shown in Rg. 2 executed when a thermal asperity has 
occurred due to collision of the magnetic he^ with pro- 
trusions on the magnetic disc 24 will be described. 
[0078] Rg. 4 shows in detail a procedure for locating 
the erroneous data, finding the length of the enror, and 
determining steps to correct the error. 
[0079] Rgs. 5A-5H show the formats of data and an 
exemplary waveform that would appear when thermal 
asperity takes place. The Rgures together show how an 
error associated with thermal asperity can be delected 
from the waveform. Fig. 5A is the format of data 
recorded on the magnetic disc 24, which is the same 
data format as Fig. 3A. Rg. 58 indicates the waveform 
of the reproduced anafogue signal when thermal asper- 
ity has occunred. This signal is fed by the AGC amplifier 
29 to the TA level comparator circuit 40. It is shown in 


the Rgur that the signal has a transient component 
due to thermal asperity. Th Figure also shows a rela- 
tionship between th reproduced signal and a threshokJ 
signal Th. Rg. 5C shows a signal output from the TA 

5 level conparator circuit 40. Rg. 5D shows the same 
NRZ data 22 output from the 8/9 decoder and de- 
scrambler 33 as shown in Rg. 3B . Fig. 5E shows a read 
dock signal RCLK 41 output from the PLL circuit 34. 
which is the same as the clock signal RCLK shown in 

10 Fig. 3C. Rg. 5F shows a read gate signal RG 42 which 
is the same as the signal RG 42 shown in Rg. 3D. Rg. 
5G shows an error signal 23 output from the enror signal 
generation circuit 35. Fig. 5H shows the output of the 
counter circuit 45 (Fig. 6). 

IS [0080] There are two major error correctfon methods 
as describe below which are: (1) Error correction on the 
fly (refon-ed to as ECC on the fly); and (2) Software en^or 
correction (referred to as software ECC). In additfon, in 
order to prevent repeated occurrence of thermal asper- 

20 ity caused by the same protrusion subsequent to an 
en-or correction process, a third method (3), known as 
"automatic sector substitution process", is available, 
which permits a jump of the head from the sector of the 
magnetic disc 24 having a protrusion to cause thermal 

25 asperity to an alternative sector having no protrusion. 

(1) Enror Correction On the Ry (ECC on the fly) 

[0081] This is a typk^l error correctfon method krK3wn 

30 in the art. in which errors are corrected using a hard- 
ware such as an ECC controller 6 shown in Fig. 1. In 
most magnetic hard disc devices, errors up to 9 bytes or 
12 bytes can be corrected on the fly using such error 
correction circuit, and about 20 bytes of errors can be 

35 dealt with using some recent error correction circuit. 
However. enx>rs exceeding 20 bytes cannot be dealt 
with kiy a hardware correction method. 
[0082] Generally, in correcting errors by means of 
ECC on ttie fly method, an error if any in the data is cor- 

40 rected on the fly by tfie ECC controller 6 while sequen- 
tially reading data from the magnetic disc 24. Given that 
the reproduced data has a length of 2X bytes, it is said 
that in such error correction the maximum length of 
errors con-ect^le (correction ability) on ttie fly is X 

45 bytes. That is, errors exceeding X bytes cannot be cor- 
rected. 

(2) Software ECC 

so [0003] This is a typical software error correction 
method known in the art. in which errors are corrected 
using, for example, a software ECC installed in a hard 
disc controller SH7600 available from CIRRUS LOGIC 
Corporation and a software ECC installed in a hard disc 
55 controller, model ATEC available from Q LOGIC Corpo- 
ration. This type of software ECC retrieves all the data 
having lengtii 2X on the magnetic disc 24 and stores the 
data or^e in a RAM (not shown) and peribrm correction 
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thereafter using the software. The correction ability for 
2X byte data is 2X. 

[0084] The software ECC has an advantage that error 
connection may be performed if the location of the error 
(i.e. the total length of data from the beginning thereof in 
unit of sector to the beginning of the enor). and the 
length of the errors themselves are known. On the other 
hand, it has a disadvantage in that the magnetic head 
must be idling during the correction procedire, so that 
read operation is momentarily interrupted, thereby 
resulting in an overhead. 

[0085] It should be appreciated that the software ECC 
of the invention as desaibed below requires a shorter 
correction time as compared with the above mentioned 
prior art methods, because the location and the length 
of erroneous data can be determined beforehand 
according to the invention in a manner as described 
below. 

(3) AUTOMATIC SECTOR SUBSTITUTION PROCESS 

[0086] in a typical initialization of a magnetic disc, a 
defective sector found in the initialization process is reg- 
istered as invalid so as to avoid write arKi read of data in 
the sector, and a sut^trtuting sector is provided for the 
data that would have been otherwise recorded in the 
invalid sector. Therefore, the data is read from the sub- 
stituting sector. 

[0067] This approach may be used to avoid repeated 
software ECC error correction for thermal asperity 
caused by the same protrusion on the magnetic disc. In 
accordance with the invention defective sectors causing 
thermal asperity are registered so that they can be auto- 
matically sut>stituted for by normal sectors by a 
firmware, in the same manner as described above for 
ordinary defective sectors. 

[0088] The invention utilizes hardware ECC on the fly, 
software ECC, and an automatic sector substitution 
process in accordance with the type and/or the size of 
errors, in combination. 

[0089] As shown in Rg. 4 A-B, the correction proce- 
dure of the invention begins with step 100 in which the 
CPU 8 makes a query to the host computer (not shown) 
via the interface 1 if the host computer has t>een issued 
a read command. If the answer is NO. the procedure 
proceeds to Step SI 05 where operations irrelevant to 
error connection are carried out, but othenwise the proce- 
dure proceeds to Step S120. 

[0090] In Step SI 20. the enror counter circuit 45 and 
the register circuit 46 (Fig. 3) are reset to the respective 
inftiat values. The procedure goes to Step Si 30. 
[0091] The count©- drcurt 45 and the register circuit 
46 as shown in Fig. 6 are provided in the hard disc con- 
troller 2 of Rg. 1 . preferably in the disc format controller 
3. The counter circuit 45 receives read clock RCLK 41 at 
terminal CLK, an error signal 23 from tiie error signal 
generation circuit 35 of the readAwrfte controller 14 (Fig. 
2) at terminal LD, and read gate signal RG 42 at termi- 


nal CLR. The read gate signal RG 42 is cut off (Fig. 3C) 
when ail the data associated with on sector has been 
read, and accordingly the counter circuit 45 and the reg- 
ister circuit 46 are reset The procedure then goes to 
5 Step S130. 

[0092] In Step SI 30, a read gate signal RG 42 is sup- 
plied to read the next data sector (whfoh is referred to as 
target sector). 

[0093] In the next Step SI 40. the counter circuit 45 
10 starts counting tiie number of sectors read out (Rgs. 5D 
and 5H). until the sector having errors due to thermal 
asperity is found, so as to find the location of the errone- 
ous sector in the subsequent steps. 
[0094] The procedure then proceeds to Step SI 50, 
15 where the CPU 8 makes a query whether an error signal 
23 has been generated. If the answer is NO, the proce- 
dure proceeds to Step S152. but goes to Step S160 if 
the error has been detected. 

[0095] In step SI 52, the CPU 8 continues to execute 
20 the read command as instructed by the host computer 
(not shown), asking whether all the data in the target 
sector has been read out (Step SI 54). When all the 
data has t>een read out. tiie procedure goes to Step 
S156. where a query is made as to whether the read 
25 commarKi is finished. H it is finished, the procedure pro- 
ceeds to Step S157. but othenwise the procedure is 
ended. 

[P096] In Step S157. the CPU 8 increments tiie sector 
number for the target sector. That is, the target sector is 

30 set to next data sector, and loops back to Step 130 to 
repeat the read operation for the next target sector. 
[0097] Coming back to St^ SI 50. when an error sig- 
nal is detected, an error correction process is started in 
the next Step 160. The error signal may be generated in 

35 the first method as follows and applied in Step 160. In 
this method error signal 23 is generated by tiie error sig- 
nal generation circuit 35 in collaboration witii the TA 
level comparator circuit 40 when thermal asperity has 
occurred. In an event when thermal asperity has 

40 occurred, the reproduced data, output from the AGC 
amplifier 29. contains a transient signal having a wave- 
form as shown in Fig. 5B. The reproduced data is fed to 
the TA level comparator circuit 40 (Rg. 2) togeth^ with 
the predetermined threshold signal Th The TA level 

45 comparator drcurt 40 is adapted to compare the abso- 
lute value of the reproduced data with the absolute 
value of the threshoki signal Th and generate an ON 
signal only if the former value exceeds the latter value, 
as shown in Rgs. 5B and 5C. The ON signal generated 

so by the TA level comparator is fed to the error signal gen- 
eration circuit 35. 

[0098] From the number of the bytes in tiie sector as 
counted up in Step SI 40. the CPU 8 obtains the length 
of non-erroneous data in byte. "A-bytes", indicating also 
55 the location of tiie erroneous data. The value of the A- 
bytes is stored In the register circuit 46 (Rg. 3) in Step 
SI 60. The A-bytes representing the locatfon of the erro- 
neous sector is determined from ttie number of the read 
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clock signals RCLK41 shofwn In Fig. 5 E counted for the 
period of tim during which the read gate signal RQ is 
ON to read data from the niagnetic dsc 24 as shown in 
Fig. 5 F and until the en^or signal 23 shown in Rg. 5G 
occurs. 5 
[0099] The value of the A-t>ytes is fed to the register 
circuit 46 for temporary storage thereof. The register cir- 
cuit 46 transmits the value of A>bytes to CPU 8 for use 
as a bus control signal 21. The procedure then pro- 
ceeds to the next step SI 70. io 
[01 00] In step SI 70, counting of the length the errone- 
ous data itself is started using the counter circuit 45. 
[0101] In the next step S180. CPU 8 makes a query 
as to whether or not the error signal (Fig. 5 G) has 
ended. If the error signal has ended, the procedure pro- is 
ceeds to step SI 90 for the next process, but otherwise 
the procedure loops back to itself making the same 
query. 

[0102] The error signal 33 shown in Fig. 5G is gener- 
ated to indicate the length of the erroneous data. This 20 
error signal can be generated by the error signal gener- 
ation circuit 35 by selecting one of the three signals: (a) 
signal output from the TA level comparator circuit 40 
shown in Rg. 5C; (2) NR2 data including errors due to 
thermal asperity; and (3) signal indicative of the logical ss 
sum (OR) of these two signals. The error signal 33 is in 
phase with the reference dock RCLK. and is fed t>y the 
error signal generation circuit 35 to the counter drcuit 

45 fc>uilt in the hard disc controller (HOC) 2. The counter 
circuit 45 counts up the read dock 41 during ON period 30 
of the error signal 33, yiekfing B-bytes for the length of 
the erroneous data as shown in Fig. 5H. 

[0103] In Step S190, CPU 8 causes the register drcuit 

46 (Rg. 6) to store the value of B-bytes indicative of the 
erroneous data as counted in step SI 70. The register 35 
circuit 46 then transmits this value to CPU 8 for use as 

a bus signal 21. 

[01 04] In the next step S200. CPU 8 makes a determi- 
nation whether the length off the B-bytes stored in the 
re^ster drcuit 46 (Rg. 3) in step SI 90 is longer than the 40 
length of data correctable by tiie ECC on the fly. If so. 
the procedure proceeds to Step S210, but otherwise 
proceeds to Step S202. 

[0105] In Step S202. CPU 8 activates the ECC con- 
troller 6 (Fig. 1) to execute the ECC on the fly and goes 45 
to step S204. 

[01 06] In Step S204. CPU 8 makes a determination if 
the enror con-ectbn process has ended successfully. If 
so, the procedure goes to Step S205, or othenwise goes 
to Step S206. so 
[0107] In Step S205. CPU 8 provides a retry instruc- 
tion to read again a sector to bB error-corrected, so that 
the procedure loops k>ack to step S120 to go over the 
correction process. If tiie software ECC fails to remove 
errors after a predetermined number of retries, the CPU 55 
8 displays a message to the operator tiiat there is(are) 
enror(s) not correctable in the data. 
[0108] In Step S206, it is detemiined if the read 
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instruction from the host computer has ended. If it is not. 
th procedure loops back to Step S157 for shifting th 
target sector to the next data sector. If the read instruc- 
tion has ended, the procedure goes to step S240. 
[0109] Coming back to Step S210, CPU 8 executes 
tiie software ECC, since the errors cannot be con-ected 
by the ECC on tiie fly due to the fact tiiat tine length of 
tiie current ^roneous data. B-byte. is longer tiian the 
length of errors that can t>e corrected by the ECC on the 
fly. Then the procedure goes to the next Step S220. 
[QUO] In step S220, a deterninatkm is made if the 
correction of the errors done in step S210 is proper. If it 
is found that the correction is improper, the procedure 
goes back to Step S205, where read operation is 
retried. On the other hand, if the correction is proper, the 
procedure proceeds to Step S230. 
[01 1 1 ] In Step S230. CPU 8 makes a query if the read 
instruction from the host computer has ended. If the 
answer is NO, then the procedure loops back to Step 
SI 57. If the answer is YES. then Step S240 fdlows. 
[01 1 2] In step S240. in order to prevent repetitive ther- 
mal asperity caused by the same protrusion on the 
magnetic disc 24. a determination is made if the auto- 
matic sector sulDstitution process is usable or not If ttie 
automatic sector substitution process is usable. Step 
S242 follows. Othenvise. tiie procedure is ended. 
[01 13] In Step S242, the procedure provides a proc- 
ess in which a sut)stituting sector is established on the 
magnetk; disc 24 for the defective sector(s). The proce- 
dure is then ended. 

[01 1 4] The ECC on the fly. tiie software ECC, and tiie 
automatic sector substitution process may be enrployed 
in combination as described above in conrecting errone- 
ous data on tiie magnetic disc. Next, a round off proce- 
dure and a second error signal generation metiiod for 
correcting multiple errors will now be described below. 

[ROUND OFF PROCEDURE] 

ffytiS] Figs. 7A-7E together show a scheme in which 
a multiplidty of errors occurring in one sector may be 
detected using a round off procedure which rounds off 
multiple errors within a length of bytes correctafc)le by 
the hardware ECC on the fly or tiie software ECC. Rg. 
7A shows a data format on the magnetic disc 24. Fig. 
7B shows NRZ data portion of the data shown In Rg. 7A 
in a case where the data indudes therein multq3le errors 
(such as errors 1 , 2, and 3 in the example shown in Fig. 
7B). Rg. 7C shows data ot>tained by rounding off the 
erroneous data 1 and 2. Rg. 7D shows data obtained by 
rounding off the erroneous data 1 and 2, and 3. Fig. 7E 
shows the error signal of Fig. 5G. 
[01 16] When the erroneous data 1 and 2 are ttie only 
erroneous data in the DATE sector, and if the rounded 
en-oneous data therefor is smaller in byte tiian the max- 
imum t>ytes. 9 bytes say. correctable by the hardware 
ECC as shown in Rg. 7 C. tiiese errors may be cor- 
rected t>y tiie hardware ECC on the fly, as described 
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above. 

[0117] If, on the other hand, a further erroneous data 
3 exists in the sector such that the rounded erroneous 
data has a data length greater than the maximum cor- 
rectable bytes by the hardware ECC on the fly. then the s 
errors can be corrected by the software ECC as 
desaibed previously, provided that the rounded errone- 
ous data is smaller In size than the maximum data 
length correctable by the software ECC method. In any 
event the errors may be conrected appropriately by one io 
of the two correction methods selected in accordance 
with the invention. 

[ALTERNATIVE METHOD OF GENERATING ERROR 
SIGNAL] IS 

[0118] In the first error signal generation method 
described above, the error signal 23 is generated by the 
error signal generation circuit 35 upon receipt of signals 
from the TA level comparator circuit 40 and from the 8/9 20 
decoder and de-scrambler 33. as described in connec- 
tion with Fig. 2. An altemative error signal may be gen- 
erated by a second method as shown in Fig. 8, which is 
based on the digital nature of the decoded NRZ data. 
(01 1 9] Fig. 8A illustrates a sequence of bits represent- 25 
ing the reproduced data having 8/9(0.4/4) format. Fig. 
8B shows the even part of the sequence shown in Rg. 
8A (i.e. the sequence of bits of even order in the original 
sequence), while Fig. 8C the odd part of the sequence 
of Fig. 8A. Rgs. 8D shows a latch error signal and Rg. 30 
8E an output of a 4-stage shift register. 
[01 20] The 8/9 decoder and de-scrambler 33 shown in 
Fig. 2 empbys a 8/9 transform coding wherein an 8/9 
(0, n/m) transformation format is generally used. This 
transformation format is based on "n/m run-length rules" 3s 
in which the number of zeros between two neighboring 
''1*'s is not more than n and the number of "O^s In the 
even and the odd parts of the digital data is not more 
than m (zero rules). 

[01 21 ] Accordingly, in the case of 8/9 (0. 4/4) encoding 40 
format for example, a correct data sequence includes at 
most 4 consecutive zeros, and the even and the odd 
parts the data each also include at most 4 consecutive 
zeros. As an another example, data encoded by 8/9 (0, 
3/5) encoding format has at most 3 consecutive zeros 4s 
anti each of the odd and the even parts thereof includes 
at most 5 consecutive zeros. 

[0122] To be specific, suppose that a digitEil 
data has a sequence of 

-11010100000001000000100001110010010010". as so 
shown in Rg. 8A. The even part of the sequence is 
"11100010000011001" as shown in Rg. 8B. and the 
odd part is "100000000010010100" as shown in Fig. 
80. Applying the zero rules to the data sequence, the 
maximum number of consecutive zeros in the data as 55 
well as in the even and odd parts thereof must be equal 
to or less than 4. However, in actuality the data shown In 
Fig. 8A contains two underlined sections having 7 zeros 


and 6 zeros, respectively, which are against the zero 
rules imposed on th data. The even part and th odd 
part contains a section having 5 cons cutive zeros and 
a section having 9 consecutive zeros, respectively. 
These zeros may be detected when the data fails to 
converge even after the data is passed through a 4- 
stage shift register (not shown) with "0" latched. 
[0123] Consequently, if a latch en^or signal is defined 
associated with the portions of the data which are not in 
accord with the zero-rules, one may obtain a 24-byte 
enror signal 23 as shown in Fig. 8D in the case shown 
herein. Fig. 8E shows a latch error signal obtained from 
this data through the 4-stage shift register. 
[0124] in place of a combination of the TA level com- 
parator circuit 40 and the enror signal generation circuit 
35 for generating an error signal, it is possit)le to provide 
a hardware error detection means for generating such 
error signal 23 for a decoded NRZ digital data, based on 
the zero-rules as defined by 8/9 (0, n/m) format. 
[01 25] It would be apparent to those skilled in the art 
that either one of the first and the second error signal 
generation methods as describ)ed above may be arbi- 
trarily cfKjsen. It is also possitMe to employ the two 
methods simultaneously to generate two kinds of error 
signals and choose either one of them using an appro- 
priate selector circuit (not shown). 
[01 26] Advantages observed in the embodiments are 
as follows. 

(1) In one embodiment of the invention, erroneous 
data caused by thermal asperity may be located. 

(2) In another emtxxliment of the invention, the 
length of tiie errors itself may be determined. 

(3) In stilt another embodiment of tiie invention, an 
error signal may be generated by a combination of 
a comparator and an error signal generation circuit, 
as well as by a run length riies Imposed on the 
data. 

(4) In a further emtKXfiment of the invention, a soft- 
ware ECC may be executed even in a case where 
hardware ECC on tfie fly is inapplicable, based on 
the fact that both the location of errors, caused by 
thermal asperity for example, and the length of tiie 
errors may be determined. 

(5) In a still further embodiment of the invention, 
since the precise location and the length of en^one- 
ous data due to thermal asperity can be determined 
from an error signal, the data sector associated with 
the erroneous data may be registered as an invalid 
sector and may be substituted for by a new sector 
defined for the invalid sector. 

(6) The invention thus provides an improvement in 
error correction ability of a magnetic disc device, 
thereby reducing the error rate and enhancing the 
reliability thereof. 
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[AWANTAGES OF THE INVENTION] 

[0127] The invention provide a data corr ction device 
which may determine the location and the length of the 
error contained in tiie data read from a magnetic record- 
ing medium. 

[0128] The invention provides a method which may 
determine the location and the length of the error con- 
tained in the data read from a magnetic recording 
medium. 

[01 29] The invention provides a magnetic disc device 
which is equipped with means for detecting en'oneous 
data caused by thermal asperity due to a sudden 
change In electric resistance of an MR element of an 
MR head caused by a temporary collision of the head 
with the magnetic disc. 

[01 30] The Invention provides a magnetic disc device 
which is equipped with means for detecting and correct- 
ing erroneous data due to thermal asperity. 
[01 31 ] The invention provides a method for detecting 
erroneous data for use with a magnetic disc device. 
[0132] The invention provides a method for detecting 
and correcting erroneous data for use with a magnetic 
disc device. 

[01 33] The invention further provides a magnetic disc 
device equipped with means for detecting an error in the 
data read from a magnetic disc caused by thermal 
asperity a sudden change in elecfric resistance of an 
MR element of an MR head caused by a temporary col- 
lision of the MR head wHh the magnetic disc. 
[0134] The invention further provides a magnetic disc 
device equipped with means for detecting and correct- 
ing errors caused t>y thermal asperity and contained in 
the data read from tiie magnetic disc. 

[OTHER EMBODIMENTS] 

[0135] The present invention may be realized as the 
following emt)odiments. corresponding to the respective 
claims. 

(1) The erroneous data correction device according 
to claim 14, wherein said decoder performs 8/9 for- 
mat transformation. 

(2) The erroneous data correction device according 
to daim 14, wherein said given set of run length 
rules is in accord with 8/9 (0 . n/m) zero run length 
format 

(3) The erroneous data correction device according 
to daim 14. wherein said zero run-length rules is in 
accord with 8/9 (0. 4/4) zero run length format. 

(4) The erroneous data correction device according 
to claim 14. wherein said zero run-lengtii rules is in 
accord with 8/9 (0. 3/5) zero run length format. 

(5) A magnetic disc recorcfing device, comprising 
an erroneous data correction device according to 
any one of daim 1 through claim 15. 

(6) The magnetic disc device according to daim 15. 


wherein said magnetic recording medium is a mag- 
netic disc. 

(7) The error connection method according to claim 

20. further comprising a step of determining the 
5 lengtii of said erroneous data k>ased on said enor 

signal. 

(8) The enror con-ection metiiod according to daim 

21 . further comprising 

10 an automatic sector substitution process to t>e 

executed subsequent to said software ECC. 

Claims 

IS 1 . An en^oneous data correction device, comprising: 

a corrparator (40) which compares a data sig- 
nal irKiicative of data read from a magnetic 
recording medium (24) and input thereto with a 

20 threshold signal having a predetermined 

threshold level input thereto, for generating an 
output when the level of said data signal 
exceeds the level of said threshold signal; and 
an error signal generation drcuit (35) for gener- 

25 ating an error signal using the output of said 

comparator and said data signal. 

2. The erroneous data correction device according to 
daim 1 . further induding means for determining tiie 

30 location of erroneous data induded in said data sig- 
nal, using said error signal. 

3. The erroneous data correction de^ce according to 
claim 1 . wherein said data signal includes a tran- 

35 sient waveform generated by thermal asperity 
causing errors in the data signal. 

4. The erroneous data correction device according to 
daim 1 . wherein said comparator drcuit (40) gener- 

40 ates said output when the absolute level of said 
data signal exceeds the absolute level of said 
threshold signal. 

5. The erroneous data correction device according to 
45 daim 1 . wherein said error signal generation drcuit 

(35) selects either one of said data signal or the out- 
put of said comparator circuit (40) and transmits 
said selected one as the error signal of said error 
signal generation drcuit (35). 

50 

6. The erroneous data conection device according to 
daim 1. wherein said error signal generation drcuit 
(35) outputs an error signal which is the logical sum 
of the output of said comparator circuit (40) and 

55 said data signal. 

7. The erroneous data conrectlon device according to 
daim 1 . further comprising 
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a counter circuit (45) for receiving sad error 
signal and a read dock, and for counting up 
said read cfock from th beginning of said data 
signal so as to locate erroneous data that 
exists in said data signal. 

8. The erroneous data correction device according to 
claim 7. further comprising 

a register circuit (45) connected with said coun- 
ter circuit 

9. The erroneous data correction device according to 
claim 1 . wherein the location of an erroneous data 
is given in terms of bytes as counted from the 
beginning of the sector assodated with said read 
data. 

10. The erroneous data correction device according to 
daim 1 , adapted to determine the length of an erro- 
neous data included in said data read from said 
magnetic recofding medium (24) based on said 
error signal. 

11. The erroneous data correction device according to 
claim 10, further comprising 

a counter circuit (45) for receiving said error 
signal and a read dock signal, to count said 
dock over the period of the error so as to deter- 
mine the lengtii of said en'oneous data. 

12. The erroneous data correction device according to 
daim 11, further comprising 

a register circuit (45) connected with said coun- 
ter drcuit 

13. The erroneous data correction devfoe according to 
daim 1 1 , wherein said length of an erroneous data 
is given in terms of bytes as counted from the 
beginning of the sector associated with said read 
data. 

14. An erroneous data correction device, comprising: 

a data reprodudng circuit for reproducing data 
read from a magnetic recording medium; and 
a decoder (33) for use in said data reprodudng 
drcuit for performing a data format fransforma- 
tion on the bits of said reproduced data in 
accordance with a given set of run length rules 
to generate an en^or signal. 

15. An erroneous data confection device, comprising: 

a comparator (40) which compares a data sig- 
nal indicative of data read from a magnetic 


recording medium and input thereto with a 
threshold signal having a predetermined 
threshold level irput thereto, for generating an 
output when the level of said data signal 

5 exceeds the level of said threshdd signal; and 

an enror signal generation circuit (35) for gener- 
ating a first error signal using the output of said 
comparator and said data signal; 
a decoder (33) for use in said data reproduction 

10 drcuit for performing a data fonnat transforma- 

tion on the bits of said reproduced data; 
means for generating a second error signal 
teased on the run-length rules imposed on said 
reproduced data; and 

75 means for selecting either one of said first and 

said second error signals. 

16. A magnetic disc device, comprising: 

20 a decoding circuit for decoding signals using 

partial response maximum likelihood tech- 
nique; 

a comparator (40) for generating an output sig- 
nal when the level of the data signal repre- 
ss duced from a magnetic disc exceeds a 
predetermined threshold level; 
means for determining the location and the 
length of erroneous data induded in the data 
which is decoded by said decoder using the 
30 output of said conparator (40) and said 
decoded data; 

hardware means for executing hardware ECC 
on-the-f ly on said erroneoi^ data; and 
software means for executing software ECC on 

35 said erroneous data; and 

means for selecting said hardware ECC conec- 
tion means when the length of said erroneous 
data is longer than the length correctable by 
said hardware means, txit othenvise selecting 

40 said software means. 

17. The magnetic disc device according to claim 16. 
wherein said partial response maximum likelihood 
is of class 4. 

45 

IS. A magnetic disc device, comprising: 

a decoding drcuit for decoding a data signal 
read from a magnetic disc using partial 
so response maximum likelihood technique; 

a decoder (33) for in said decoding circuit for 
performing a t»t transformation on said data 
signal; 

means for detecting errors induded in said 
55 data signal using a set of run-length rules 

imposed on said data signal; 
means for determining the location and the 
length of erroneous data induded in the data 


13 


25 


EP 0 926 671 A1 


which is decoded by said decoder using the 
output of said coirparator and said decoded 
data; 

hardware means for executing hardware ECC 
on-the-f ty on said erroneous data; and s 
software means for executing software ECC on 
said erroneous data; and 
means for selecting said hardware ECC correc- 
tion means when the length of said en^oneous 
data is longer than the length correctable by io 
said hardware means, but otherwise selecting 
said software means. 

19. The magnetic disc device according to daim 18. 
further conprising is 

means for retrying read of said data from said 
magnetic disc when said erroneous data cor- 
rection was not successfully corrected by said 
software ECC. 20 

20. An error oon-ection method, comprising steps of: 

comparing a data signal reproduced from a 
magnetic disc with a predetermined threshold 2s 
signal to generate an output signal when the 
level of said data signal exceeds the level of 
said threshold signal; 

generating an error signal associated with the 
erroneous data included in said data sigrial so 
based on said output signal arxJ said data sig- 
nal: and 

determining the location of said erroneous data 
based on said error signal. 

35 

21. An error correction method of the invention, com- 
prising steps of: 

determining the location and the length of erro- 
neous data included in data signal reproduced 40 
from a magnetic disc; 

determining whether said erroneous data has a 
length correctable by ECC on the fly; 
executing ECC on the fly on the erroneous data 
when ECC on the fly is applicable; and 4S 
otherwise executing software ECC on the erro- 
neous data. 
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